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Experimental Escherichia coli urinary infection in the rat
PETER W. TAYLOR and KOSTA G. KOUTSAIMANIS
Department of Medicine, Charing Cross hospital Medical School, London, England
Experimental Escherfchia co/i urinary infection in the rat.
Twenty-six urinary strains of Escherichia co/i belonging to 0-sero-
groups commonly associated with urinary infection but differing in
serum sensitivity and K antigen content were examined for their
ability to survive in the kidneys following inoculation into the
bladder of male Wistar rats. Reproducibility studies showed that
some strains consistently caused kidney infection whereas others
were consistently unable to do so. However, the ability to infect
the kidneys was not correlated with serum resistance or K antigen
content. Some evidence for the nature of the factors responsible
for kidney infection came from a study of various mutants derived
from E.co/i LP729 (serotype 09), which produces negligible
amounts of K antigen and is rapidly killed by serum after a delay
of one hour. Both LP729 and a serum-resistant mutant derived
from it caused kidney infections, but two rough variants derived
from the serum-resistant mutant were unable to infect the rat
kidneys. One variant was devoid of lipopolysaceharide 0-side
chains; the other showed the delayed serum-killing effect
characteristic of LP729 and retained 09 specificity with a full
complement of 0-side chains, suggesting that loss of surface
components unrelated to 0 or K specificity may be responsible
for failure to invade the kidneys.
Infection urinaire expérimentale a Escherichia colt chez le rat.
Vingt six souches d'Escherichia coli appartenant aux séro-groupes
0 habituellement impliqués dans l'infection urinaire mais différents
par Ia sensibilité au serum et Ic contenu en antigène K ont etC
Ctudiées pour leur capacité a survivre dans les reins aprCs leur
inoculation dans la vessie de rats Wistar males. Les etudes de
reproductibilité montrent que certaines souches déterminent
constamment une infection rCnale alors que d'autres en sont
constamment incapables. Cependant Ia capacité a infecter les
reins n'est pas corrélCe avec Ia résistance au serum ou le contenu
en antigCne K. Quelques indications sur Ia nature des facteurs
responsables de l'infection rénale ont etC obtenues par l'Ctude
de divers mutants dCrivCs d'E.coli LP 729 (sCrotype 09), qui
produit des quantités nCgligeables d'antigCne K et qui est tue
rapidement par le serum après un dClai d'une heure. LP 729
et le mutant sérum-résistant qui en est dCrivC dCterminent des
infections rénales mais deux variants rugueux dérivés du mutant
sérum-résistant sont incapables d'infecter les reins de rats. L'un
des variants est dCpourvu des chalnes latérales du lipopoly-
saccharide 0, l'autre a Ic caractCre de destruction retardée par le
serum appartenant a LP 729 et possède Ia spCcificitC 09 avec
tous les complements de chalnes latérales 0. Cela suggère que
La perte de constituants de surface sans rapports avec Ia specificitC
0 ou K peut étre responsable de l'incapacité a envahir les reins.
Epidemiological studies in well-defined female
populations suggest that strains of Escherichia co/i in-
vade the urinary tract in proportion to their fre-
quency in the fecal flora [l}. Recent evidence in-
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dicates, however, that strains may differ in the ability
to infect the upper urinary tract. Glynn, Brumfitt and
Howard [2] found that crude homogenates of E. co/i
strains isolated from the urine of patients with renal
involvement were significantly more able to inhibit
the agglutination of sheep red blood cells by rabbit
antiserum than homogenates of strains from patients
with infections confined to the bladder. The in-
hibitory effects were considered to be due to the
presence in the preparations of polymers representing
K antigens; K antigens are thought to render E. co/i
resistant to the serum bactericidal system [3]. Gower
et al [4] found that a higher proportion of patients
with upper compared to lower urinary tract infection
was infected with strains inherently resistant to the
bactericidal action of normal human serum.
In the present study an attempt was made to deter-
mine whether or not serum-resistant or K-rich strains
were at a selective advantage in the rat kidney.
Strains of urinary E. co/i belonging to 0 serogroups
commonly associated with urinary tract infection but
differing in serum sensivity and K antigen content
were examined for their ability to survive in the upper
urinary tract of experimentally infected male Wistar
rats.
Methods
Bacteria/ strains. The 26 smooth urinary strains of
E. co/i have been described in detail [5]. Acidic
polysaccharide (K antigen) was extracted from the
bacterial cell mass by the phenol-water technique and
purified by cetavlon precipitation [6] as described
previously [5]. Strains were classified as serum-
sensitive, intermediate or resistant according to the
method of Taylor [7]. All strains reacted in the same
way to human and rat sera. Three mutants derived
from E. co/i LP729 (serotype 09)—and designated 17,
17gb and I7fa [8]—were also used.
Experimenta/ urinary tract infection. Rats were in-
fected via the ascending route. The procedure used
was based on the method of Asscher and Chick [9].
Experiments were performed on male Wistar rats
weighing between 130 and 160 g and fed on an or-
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Table 1. Culture of urine and kidneys from rats infected with E. coli strains of known serotype, serum sensitivity and acidic polysaccharide
(K antigen) contents
Strain Serotype
Bacterial count
per kidneyAcidic polysaccharide
YieTd hemagglutination-
mg/g ofcellmass inhibiting activity"
Serum-sensitive
18.8 250
12.8 500
Left Right
Urinee kidney kidney
16
>1000
>1000
>1000
>1000
32
LP1173 02 + 0 0
— 0 0
LP2362 02:K?:H6 — 64,500 5,400,000
+ 375,000 950,000
+ 84,000 162,000
+ 1,960 1,110,000
+ 4,700,000 560,000
LP944 06 25.1 0.5 —
+
0
0
0
0
LP1894
LP2707
06:K?:Hl
06:K?:H-
46.0
23.2
1000
16
—
+
+
+
0
42,000
9,350
10,850
0
0
39,000
430,000
LP856a 06 27.1 62 +
+
9,100,000
2,450
7,700,000
235,000
LP903 07 49.7 8 +
—
41,000,000
0
63,500,000
1,835,000
LP1674
LP609
07
09
20.9
11.6
+
+
+
+
+
+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
LP729 09 18.0 +
+
+
+
+
1,490,000
87,000
0
540
1,250
130,000
118,500
91,500,000
4,150
810
LP1977 09:K26a:I-110 11.8 NO'
+
0
1,950,000
9,300,000
9,800,000
LP2212 Ol8ac:K?:H5 10.6 —
+
0
0
0
0
0
+
LP2506 0l8ac:K?:H 37.3
0 0
Serum-intermediate
LP1624 02 19.0 0.1 +
—
0
0
0
0
LP898 06 34.7 32 +
+
175
780,000
6,800
510,000,000
LP1174 06 43.4 2 +
+
+
—
0
0
0
0
0
0
0
0
0
0
LP1339 06:K?:H1 36.1 1 + 0
0
0
0
Serum-resistant
LP2017 02:K?:H- 30.6 4 +
+
0
125,500
0
0
LPI17O 06 43.6 16 +
+
18,000,000
0
9,100,000
8,550
LP1123 06 28.7 16 +
+
0
0
0
0
LP2214 06:K?:H31 9.5 1000 +
+
+
+
+
5,050,000
17,950
270,000
0
1.100.000
24,850
310,000
129,100
0
560.000
0
0
0
0
0
0
0
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Table 1—Cont'd
Acidic polysaccharide
Bacterial Count
per kidney
Yield hemagglutination- Left Right
Strain Serotype mg/gof cell mass inhibiting activityb Urinec kidney kidney
LP2706 06:K?:H31 31.8 1 +
—
600,000
4,350
330,000
7,950
LP1I7O 07 27.6 250 +
+
245
255,000
210
0
LP1255 09 43.0 >1000 +
+
58,500
2,300,000
3,100,000
80
LPI3OI 018 37.4 0.5 —
—
0
0
0
0
LP1395 018 35.6 1 NO
+
0
0
35
235,00
a Each strain was used to infect at least two rats.
The hemagglutination-inhibiting activity of acidic polysaccharides was determined according to the methQd of Glynn and Howard [3];
activity is expressed as the amount of inhibitor substance(/Lg/ml) necessary to double the minimal agglutinating dose of the red cell-anti-red
cell system.
+, presence in the bladder urine of E. co/i corresponding in 0-serotype to the strain used for the experiment. —, no E. coil obtained by
culture of the bladder urine.
d Bladder urine not obtained.
dinary diet with free acess to tap water. For prepara-
tion of bacterial inocula, an overnight stationary
phase nutrient broth culture was washed in 0.9% wt/
vol NaCI and adjusted to contain 106 to l0
bacteria/ml of 0.9% wt/vol NaC1. Inocula were used
within three hours. Six ml of tap water was given
orally to the rat and 30 mm later the bladder was ex-
posed under anesthesia through a suprapubic inci-
sion. The penis was clamped and the full bladder
gently massaged; 0.2 ml of bacterial inoculum was
then injected into the bladder using a fine gauge nee-
dle and the bladder massaged for a further 30 sec.
The wound was then closed. After seven days the rat
was killed and a urine sample taken from the bladder.
The kidneys were removed and washed immediately
in 0.9% wt/vol NaCl. The urine was plated onto
blood agar and MacConkey agar. Each kidney was
homogenized in 5 ml of 0.9% wt/vol NaCI; viable
counts were performed on the homogenates and the
total count per kidney was calculated. The
homogenates were also plated onto blood agar and
MacConkey agar. When growth of E. coli occurred,
at least three colonies were removed from each blood
agar plate and the 0-serotype was determined.
Results
Reproducibility. In order to assess the re-
producibility of the technique for experimental
urinary tract infection, six randomly selected strains
were each used to infect groups of five rats (Table 1).
In some cases of upper urinary tract infection only
one kidney was involved and there was wide varia-
tion in the level of bacterial counts. However, if the
criterion of infection is taken to be the presence of
viable bacteria in at least one of the two kidneys,
there was only one discrepant result in the 30 experi-
ments. Three strains (LP1174, LP1674 and LP2212)
each failed to establish infection in the kidneys of the
five rats. Two strains (LP729 and LP2362) each es-
tablished kidney infection in all five rats, whereas the
one remaining strain, LP2214, established kidney in-
fection in four of the five rats. In view of this degree
of reproducibility, it is evident that concordant
results in two experiments are sufficient to reliably es-
tablish whether or not a strain is able to cause kidney
infection.
Experiments with smooth urinary strains. The
results of urine and kidney cultures obtained follow-
ing infection of rats with smooth E. co/i strains of
known serum sensitivity and K antigen (acidic
polysaccharide) content are shown in Table 1. Each
strain was used to infect at least two rats. With 24 of
the 26 strains, the results of the two experiments were
in agreement. With each of the remaining two strains,
E. co/i LP2017 and E. co/i LP1894 bacteria could be
recovered from the kidneys of one rat but not from
the kidneys of the other. The results from these two
strains were not considered further in this study.
Of the eight serum-resistant strains, six caused
kidney infection in the rats; six of the 12 serum-
sensitive strains also produced kidney infection. This
difference in distribution was not significant (P >
0.05) when examined by the fourfold table test using
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the tables of Armsen [10]. One of the four serum-
intermediate strains caused kidney infection.
There was no significant difference in the mean
yield of phenol-extracted acidic polysaccharide (K
antigen) from strains causing kidney infection com-
pared to those strains that did not (difference in mean
yields = 2.08 mg/g; t = 0.416; 0.7 < P > 0.6). Acidic
polysaccharides from strains causing kidney infection
did not possess greater hemagglutination-inhibiting
activity than polymers from strains unable to do so
(sum of ranks 113; P > 0.05). There was no
relationship between the presence of an acidic
polysaccharide containing hexuronic acid or
neuraminic acid [5] and the ability of a strain to infect
the kidneys.
In about one-half of the experiments in which the
strain failed to cause kidney infection, E. co/i could
be recovered from the bladder urine and was all of
the same 0-serotype as the strain used for the experi-
ment (Table 1). E. coli cultured from the kidneys
always corresponded in 0-serotype to the strain used
for the experiment.
Experiments using mutants derived from E. coli
LP729. The ability of strains to survive in the kidneys
of experimentally infected rats did not appear to be
related to either bacterial resistance to serum or to K
antigen content. It was therefore decided to use in-
ocula perpared from a number of mutants derived
from E. co/i LP729 in an attempt to understand the
nature of the factors responsible for upper urinary
tract infection in the rat model. E. co/i LP729,
isolated from a case of urinary tract infection, is a
smooth strain of serotype 09 which produces negligi-
ble amounts of acidic polysaccharide K antigen [5, 8].
The strain is rapidly killed by both human and rat
serum after a delay of one hour (Fig. 1) and is stable
in 0.2% wt/vol acrifiavine solution; lipopolysac-
charide from E. co/i LP729 contains large amounts of
mannose (Table 2), a sugar confined to the 0-side
chain moiety of lipopolysaccharide from E. co/i 09
strains. E. coil 17 is a serum-resistant mutant (Fig. 1)
of E. coil LP729 derived by mutagenesis with N-
methyl-N'-nitro-N-nitrosoguanidine. This mutant
also synthesizes very small amounts of K antigen and
produces lipopolysaccharide indistinguishable in
quantitative composition from that of E. coil LP729
[8]. E. co/i 17gb and I7fa are colonially rough mutants
plated from an aged nutrient broth culture of the
serum-resistant mutant E. co/i 17. E. co/i I7fa is a som
(rib) mutant [12], containing a complete lipopolysac-
charide core structure but defective in the synthesis of
the mannose-containing 0-side chain. It therefore
does not react in 09 antisera but spontaneously ag-
glutinates in acriflavine (Table 2). E. coil I7fa is
rapidly killed by serum (Fig. 1). E. co/i 17gb, like
the large majority of rough forms, agglutinates spon-
taneously in acriflavine; it reacts, however, in 09-
antisera and, like E. co/i LP729 and 17, possesses a
full complement of lipopolysaccharide 0-side chains.
E. co/i 17gb also shows the delayed serum-killing
effect which characterizes the original urinary strain
LP729 (Fig. 1).
Each of these strains was used to infect a group of
five rats. Each strain was examined on five separate
occasions using independently prepared bacterial in-
ocula. E. co/i LP729 and 17 were able to cause kidney
infection in the rat model, whereas E. coil I7fa and
17gb were unable to do so (Table 2).
Discussion
Reproducibility studies clearly indicated that the
ability to infect the kidney in the rat model is a
property of certain bacterial strains but not of others.
The fact that some strains of E. co/i are unsuitable for
producing experimental upper urinary tract infection
in the rat may account for the difficulty experienced
by some workers in establishing infections in ex-
perimental animals [13].
E
0
Time, hr
Fig. 1. The response of a) E. coli 17, b) E. coli LP729, c) E. coil
17 gb and d) E. coli I7fa to normal human serum. One ml of
washed log phase bacteria (1 X 106) in Tris-HCI, pH 8,4, was
added to 3 ml of serum and viable counts were obtained after
zero, one, two and three hours' incubation at 37°C [11].
ii
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Table 2. Some characteristics of E. coil LP729 and mutants, and results of rat, urine and kidney cultures
following experimental urinary infection
Strain
Colonial
morphology
Agglutination in
Presence of
Iipopolysaccharide
0-side chain
Presence of
bacteria in
09 antisera 0.2% acriflavine Urine Kidneys
LP729 Smooth + — + 5/5a 5/5a
17 Smooth + — + 5/5 4/5
17gb Rough + + + 3/5 0/5
l7fa Rough — + — 2/5 0/5
Proportion of experiments in which E. co/i with the cultural and serological characteristics of the strains used for inoculation were cultured
from urine or homogenized kidneys.
In contrast to clinical findings [2, 4], no evidence
was obtained in the present study of a relationship
between upper urinary tract infection and either
bacterial resistance to serum or bacterial K antigen
content. This may simply indicate that there is no
validity in comparisons between clinical observations
and experimental animal studies. Claims have been
made, however, that serum-resistant strains or K
antigen-containing strains are more likely to cause
experimental upper urinary infections than serum-
sensitive strains or strains containing no detectable K
antigen. Henkel and Commichau [14] found that in
estrogen pretreated rats, only serum-resistant strains
were able to induce kidney infection, although no
relationship was demonstrable when rats were in-
fected following temporary ureteric ligation.
Kalmanson et al [15] found that strains of E. coil con-
taining K antigen were more likely to cause kidney
infection in diuresed mice than strains which the
authors considered not to contain K antigen.
However, strains were considered not to contain K
antigens if crude bacterial homogenates did not cause
inhibition of sheep red blood cell agglutination by
anit-red blood cell serum; many strains may syn-
thesize large amounts of acidic polysaccharide K an-
tigen but the purified polymer does not cause inhibi-
tion of red blood cell agglutination (Table 1). The
technique of red blood cell agglutination inhibition
was developed by Ceppellini and Landy [16] for the
investigation of purified bacterial polysaccharides. It
does not seem pertinent to attribute the inhibitory
effect of crude bacterial homogenates solely to K an-
tigens which are frequently, but not invariably [17,
18], acidic polysaccharides chemically and im-
munologically distinct from lipopolysaccharides. A
recent immunoelectrophoretic study [19] showed that
many E. coli strains, although K-typable, contained
no distinct K antigen polymer; K antigen determi-
nants in these strains were considered to be part of
the lipopolysaccharide molecule. Clearly, results of
red blood cell agglutination inhibition studies using
crude homogenates from K antigen-carrying strains
such as these would be meaningless. Brumfitt and
Hepinstall [20] found no relationship between K an-
tigens and experimental renal infection; an E. coil
strain which did not produce a K antigen caused a
more severe kidney infection in rats following
ureteric ligation than a strain carrying a K antigen.
The results obtained in the present study with E.
coil LP729 and the various mutants also suggest that
the ability to infect the rat kidney is unrelated to
serum resistance or K antigen content. E. coil LP729
and E. coil 17gb have identical responses to serum
and yet the former is able to cause kidney infection in
the rat model whereas the latter is unable to do so.
The only obvious difference between these strains is
that E. coil 17gb produces rough colonies and ag-
glutinates spontaneously in acriflavine. These proper-
ties are usually attributed to loss of the 0-side chain
moiety of lipopolysaccharide but E. coil 17gb retains
a full complement of 09-specific side chains and
reacts in 09-antisera [8]. As negligible amounts of
material were obtained from these strains by cetavion
precipitation following phenol-water extraction [8], it
appears that the failure of E. coil 17gb to produce
kidney infection is due to the loss of surface compo-
nents unrelated to 0 or K specificity. It was
previously suggested that the agglutination in
acrifiavine of E. coil 17gb was due to the loss of a cell
surface component associated with the 0-side chain
moiety and that this factor might be protein in nature
[8]. If such a protein exists, it would be tempting to
speculate that it may also enable a strain to survive in
the upper urinary tract. Analysis of the outer
mefnbrane proteins of these strains is at present being
undertaken in an attempt to clarify this point. The
findings of a recent study by Silverblatt [21] have
suggested that pili may play a possible role in the
pathogenesis of renal infection; an examination of
some of the strains described in the present study for
the presence of these cell surface appendages is also
in progress.
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